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IntroductionProstate related complications account for approximately 25 % of the reason males from late 40s visit the Urology clinics in Nigerian hospitals, including symptoms of prostatitis, benign prostatic hyperplasia (BPH) or Prostate Cancer (PCa).1 Although the main cause of BPH and PCa is not yet known, however, variations in the concentrations of some serum trace element such as zinc, copper, iron, cadmium, selenium and certain antioxidant vitamins such as Vit A, Vit C and Vit E are known to 
associate with the function of specific organs such as prostate, breast, muscle, stomach, 
kidney, and colon. Assessing the variations in trace elements and antioxidant vitamins, can 
be epidemiologically significant in the early 
prediction, identification, and treatment of prostate complications.2 Therefore, evaluating these trace elements and antioxidant vitamins could be useful in preventing some adverse clinical conditions and complications that 
can result in death due to the insufficiency or excess availability of these biochemical analytes in prostate complications.3The prostate contains some smooth muscles 
that help in expelling seminal fluid during ejaculation. This relatively alkaline, milky 
fluid secreted by the prostate nourishes and 
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Abstract
Background: Prostate cancer remains the commonest form of cancer among Nigerian males, constituting 13.3% of all male cancers encountered in this region. Trace elements and antioxidant 
vitamins may be of epidemiological significance in the early prediction and treatment of prostate complications. The study aimed to explore the serum trace elements, antioxidant vitamins 
concentration and serum prostate specific antigen (PSA) among male with prostate disorders in the delta region of Nigeria.
Methods: Blood specimens were collected from males with symptoms of prostatitis (n=70), benign prostatic hyperplasia (BPH; n=60) and prostate cancer (PCa; n=70), alongside with apparently healthy male subjects (n=60). The levels of trace elements and antioxidant vitamins were evaluated. Fluorescence immunoassay technique was used to assess the expression of PSA. 
Results: Compared with the controls, PCa patients had a significantly increased level of vitamin A 
(p<0.05), however, no significant differences in the serum levels of trace elements and antioxidant vitamins between subjects with prostate disorders and control group (p>0.05). Interestingly, there 
was a significant positive correlation between prostate specific antigen, trace elements and vitamins in BPH group (p<0.05).
Conclusions: Prostate disorders such as prostatitis, BPH and PCa may be associated with elevated levels of PSA, but, does not affect the circulating expression of some serum trace elements and antioxidant vitamins.
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protects the sperm. In humans, the seminal 
fluid is largely composed of simple sugars and accounts for about 30% of semen volume 
with spermatozoa and fluid from the seminal vesicle. The protein composition is less than 1% and comprises of prostate specific antigen (PSA), prostatic acid phosphatase, proteolytic enzymes and beta-microseminoprein. Prostate secretions also contain zinc, having a concentration of 500 to 1000 times more than the zinc concentration in the blood. The prostatic normal functions are regulated by dihydrotestosterone, which is mainly produced by the testicle.4An apparently healthy prostate is approximately the size of a walnut, and grows consistently bigger as the age increases. However, problems can arise when it grows too large as commonly seen from age 40. Thus, the risk of prostate complications increases dramatically with age as men increase in age too. Prostate cancer is a tumor of the prostate gland, representing one of the most common cancers affecting older men in developed countries and a major cause of death for aged men.5 Some previous reports have revealed high prevalence of prostate cancer in Nigeria; with prevalence rates of 127/100,000 men in 1997 and 114/100,000 men in 2002.6,7 Prostate cancer is the commonest cancer among Nigerian males and has been estimated to constitute 13.3% of all male cancers.8 It has been documented that the serum levels of PSA is widely used as a biomarker for early detection of prostate complications and its elevation in the serum is suggestive of prostate disorders.9Trace elements are vital components of 
body fluids and tissues which are required by the body in small amounts (usually less than 1 to 10 parts per million) for a range of functions. Metals such as iron and copper are required by the human body in trace (milligram) quantities, while other metals 
like the chromium, manganese, fluoride, iodide, cobalt, selenium, silicon, arsenic, boron, and vanadium are only needed in ultra-trace (microgram) quantities.10 Trace elements are major components of living structures and various studies have proven their existence in various forms keeping a dynamic balance status in the human body.11 Variations in the concentration of trace elements and antioxidant vitamins affect the proper functioning of different organs and 
tissues in the body. The insufficiency or excess of trace elements can prompt body metabolic disorder and cellular growth disturbance, 
even mutation and cancerization.11,12 This study therefore investigated the relationship between serum trace elements and antioxidant vitamins status of subjects with prostate disorders in the Nigeria delta region and their possible utilization in the management of prostate complications.
MethodsThis research was conducted in Warri, Delta State, Nigeria. A total of 200 male subjects aged 48 to 80 years who attended the Urology clinics in four hospitals in Warri (Warri General Hospital, Westend Hospital, Lilly Hospital and Capitol Hill Hospital) were recruited as subjects for this study,  and were further grouped into three, comprising of patients with prostatitis (n=70), BPH (n=60) and PCa (n=70). The durations of the prostate disorders at the point of sample collection were 0 to 1 year for prostatitis, 0 to 5 years for BPH and 0 to 5 years for PCa. Only subjects presenting with symptoms of prostatitis, BPH and PCa with known PSA values were recruited for this research. Male subjects who did not have prostate related complications and those who were presenting with other renal disorders were excluded from the study. A pre-designed structural questionnaire was utilized to collect bio-data, clinical data and socio-demographic characteristics of the patients. As control group, 60 apparently healthy adult male subjects who were age and socio-economic status matched were included.Subjects participating in this study were fully briefed on the research protocols in the clinics after which they were required to sign a written consent. Ethical approval for the study was obtained from Delta State Hospital Management Board ethical review committee with registration number CHW/ECC.VOL1/072.Five milliliters (5 ml) of venous blood was aseptically collected using standard phlebotomy technique. Serum obtain adequate amount of serum for the analysis. Serum was separated from the blood after retraction by centrifuging for 5 minutes at 4000 rpm, into micro centrifuge tubes and stored at -200C until time of analysis.The trace elements were analysed using 
Single quadrupole ICP-MS (Thermo Scientific Co., MA, USA). Vit A and Vit E were analysed using an integrated analytical system of HPLC 
2695 (Waters GenTech Scientific Inc., NY, USA) Integrity System equipped with a UV-VIS detector (Waters 996) with the range of 
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Table 1 Serum Levels of Trace Elements (Iron, Copper, Selenium) and Vitamins (Vit A and 
	 	Vit	E)	and	Prostate	Specific	Antigen	of	Study	Subjects	of	Patients	with	Prostate	
  Disorders Attending the Urology Clinics in Nigerian Hospitals
Parameters    Patients (n=200) Control (n=60)  P-valueFe (µg/dl) 113.93±3.17 116.25±5.04 0.701Cu  (µg/dl) 130.78±2.04 136.65±5.47 0.332Se (µg/l) 0.46±0.01 0.47±0.02 0.734Vit A (µg/l) 65.37±1.11 64.00±3.12 0.687Vit E (µg/l) 1.04±0.03 1.09±0.05 0.501PSA (ng/dl) 19.29±2.45 1.15±0.85 0.000*Note: Fe=Serum Iron, Cu=Serum Copper, Se=Serum Selenium, Vit A=Vitamin A, Vit E=Vitamin E, PSA=Prostate specific 
antigen; Values are expressed as mean ± SD, * Significant at p≤0.05
190–800 nm. Chromatographic separations were performed on a LC-NH2-NP column (25 
cm 4.6 mm, 5μm) with the Supelguard TM LC-NH2-NP precolumn SUPEL-CO (Merck, 
Taufkirchen, Germany). The PSA was analysed using ICHROMATM PSA (Boditech Med, UK) 
which was a fluorescence immunoassay (FIA) for the quantitative determination of PSA.Data obtained were analysed using descriptive and inferential statistical tools. Descriptive statistics were mean ± standard deviation (S.D), while inferential statistics used were student t-test, Analysis of Variance with 
post hoc to access the source of significance and Pearson correlation using the Statistical Package for Social Sciences (SPSS version 21.0, 
Chicago, IL) software. The level of significance was set at p<0.05.
ResultsThis study explored the levels of serum trace elements (iron, copper, selenium) and antioxidant vitamins (Vit A, and Vit E) among patients with prostatitis, BPH, PCa and compared with healthy male subjects as a control group. Result showed that no 
significant difference in the levels of serum trace elements (iron, copper, selenium) and antioxidant vitamins (Vit A and Vit E) between prostate disorders patients in general and control group (p >0.05) (Table 1), however, the 
level of serum PSA was significantly increased in the prostrate disorder group compared to the control (p <0.000). Interestingly, serum iron levels in the BPH 
group were significantly decreased (p<0.05) 
Table 2 Serum Levels of Trace Element (Iron, Copper, Selenium) and Vitamins (Vit A and Vit 
	 	E)	and	Prostate	Specific	Antigen	of	Patients	with	Prostate	Disorders,	Including	
  Prostatitis, Benign Prostatic Hyperplasia or Prostate Cancer Attending the Urology 
  Clinics in Nigerian Hospitals
 Parameters Control (n=60)
Prostatitis 
(n=70)
BPH 
(n=60)
Prostate Cancer 
(n=70)Fe (µg/dl) 116.25±16.89 119.69±21.22a 105.88±25.71b 120.19±14.79aCu (µg/dl) 136.66±18.31 133.42±19.92a 128.03±15.40a,b 130.98±9.50a,bSe (µg/l) 0.47±0.07 0.49±0.09 0.43±0.10a 0.49±0.06Vit A (µg/l) 64.16±9.75 63.88±12.96 58.77±9.44a 72.70±3.90bVit E (µg/l) 1.09±0.17 1.09±0.22 0.83±0.33a,b 1.15±0.13aPSA (ng/dl) 1.15±0.85 7.04±2.03a 19.80±6.96a,b 68.38±30.25a,b, c
Note: Fe=Serum Iron, Cu=Serum Cupper, Se=Serum Selenium, Vit A= Vitamin A, Vit E= Vitamin E, PSA= Prostate specific 
antigen; Values are expressed as mean ± SD, aSignificantly different from control group at p< 0.05, bSignificantly 
different from prostatitis group at p< 0.05, cSignificantly different from BPH group at p< 0.05
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compared to the control group and other 
prostatic disorders, while it significantly increased (p<0.05) in the prostate cancer group than other test groups and control 
group. Serum Vit A levels was also significantly increased (p<0.05) in the group with prostatic cancer compared with other test groups 
and control group. There were significant increases (p<0.05) in the PSA levels of the various test groups with prostatitis, BPH and prostatic cancer respectively compared with the control group (Table 2). Other serum trace elements and antioxidant vitamins 
however showed no significant difference between the various study groups (p>0.05). The relationship between the variables in the control, prostatitis, BPH and prostate cancer with PSA were assessed (Table 3). Iron, Copper, Selenium, Vit A and Vit E showed 
significant positive relationship of the control subjects with PSA, while other groups showed 
no significant correlation with PSA. Vit A and 
Vit E however showed very high significant positive and negative relationship respectively 
with PSA (r=0.71 and r=-0.82).
DiscussionSerum expressions of trace elements such as Fe, Cu, and Se, some antioxidant vitamins (Vit A and Vit E) and PSA, have been assessed in male patients with prostate disorders and apparently healthy controls. The prostate disorders patients include male presenting with symptoms of prostatitis, BPH and prostate cancer who have known PSA values. The presence of trace elements and antioxidant vitamins has been associated with the proper functioning of different organs and tissues.11 However, our result shows that there is no difference in the serum levels of most of the trace elements (copper, selenium) and antioxidant vitamin namely Vit E between subjects with prostate disorder and the control group, however, only iron and Vit A has shown an increased levels in the prostate cancer group, suggesting that cancer of the 
Table 3 Correlation of Trace Elements and Vitamins among Patients with Prostate Disorders 
R PProstatitis (n=70)Fe (µg/l) 0.02 0.85Cu (µg/l) -0.01 0.95Se (µg/l) 0.02 0.85Vit A (µg/l) -0.02 0.93Vit E (µg/l) -0.02 0.93BPH  (n=60)Fe (µg/dl) 0.01 0.94Cu (µg/dl) 0.10 0.45Se (µg/l) 0.01 0.93Vit A (µg/l) 0.71 0.00*Vit E (µg/l) -0.82 0.00*Prostate cancer  (n=70)Fe (µg/dl) -0.20 0.21Cu (µg/dl) 0.12 0.44Se (µg/l) -0.20 0.21Vit A (µg/l) -0.34 0.08Vit E (µg/l) 0.09 0.65
Note: * Correlation is significant at the 0.05 level (2-tailed)
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prostate alters the serum concentration of these analytes. Contrarily, Onyema-iloh et al.3 has reported significantly reduced serum levels of selenium, zinc, vitamin E and C, and higher levels of copper, when compared to the apparently healthy control group.Some trace elements have been reported of playing a major role in the biology of cancer; however, there is still a gap in our understanding of the relationship between the function of trace elements and the initiation, advancement and inhibition of carcinogenic process of the prostate gland.13 Trace elements are a major constituent of biological structures, albeit the increasing queries on the toxicity of these elements to human health at concentrations higher than required for biological functions and whether they are truly essential. In this study, there 
was no significant difference in the serum expression of trace elements and vitamins in the prostatitis and BPH test subjects when 
compared to the control group. This finding contradicts other studies on the association of trace elements and some vitamins with prostate disorders.2,3,14–16 On the other hand, 
a significant increase in the serum level of Vit A was observed in the prostatic cancer group compared to the control with other vitamins 
and trace elements showing no significant difference which negates the reports of other previous similar studies.3Furthermore, PSA is observed to be positively correlated with trace elements and vitamins in the control subjects. Vitamin A, its natural and synthetic analogs have been reported to enhance prostate cancer risks and it is remarkable that the BPH group investigated in this study showed positive correlation of PSA with vitamin A. One mechanism of Vit A enhancement of cancer risk is by its interaction with zinc which could result in the proliferation of prostatic epithelial cells.17 There is however a concurrent negative correlation of PSA with vitamin E in the BPH group investigated in the study. Various forms of Vit E possess anti-
inflammatory and antioxidant properties and 
have been reported to have numerous benefits for men with prostate disorders including inhibiting the growth of human and animals’ prostate tumors.18 There was no significant correlation between PSA, trace elements and vitamins in the other test groups. This study therefore suggests that a variation in the serum levels of PSA does not affect the concentration of trace elements and vitamins present in these subjects. This is consistent with the 
findings of Donkena et al.19 showing that daily 
intake of Vit A, Vit E or serum α-tocophenrol does not correlate with increased prostate cancer risk. Several studies have shown a correlation between prostate disorders and elevated serum levels of PSA.2,20 The patients with prostatitis, BPH and Pca showed higher levels of PSA than the control group thereby correlating with the studies listed above.The limitation of study is lacking data on the correlation between multivitamin usage and a family history of cancer. Although the association of vitamins usage and elevation of PSA has been established in prostate disorders, information about the duration of vitamin and trace element use could have been relevant in determining if their correlation is restricted to long-term users.As a conclusion, prostate disorders such as prostatitis, benign prostatic hyperplasia and prostate carcinoma are associated with 
elevated levels of prostate specific antigens 
(PSA), with no significant alteration in the serum levels of some trace elements and 
antioxidant vitamins. These findings reveal 
the lack of clinical significance of these trace metals and vitamins as screening tools for the diagnosis and therapy of prostate complications and disorders. Further studies are encouraged to uncover the mechanistic role of trace elements and vitamin supplements in the elevation of PSA in prostate disorders and critical areas of early detection that several investigators have not been able to explore.Acknowledgments: Authors appreciate the support of all the participants and they are grateful to the staff of the various hospitals for their cooperation in specimens collection. We are also grateful to Prof. H.B. Osadolor for his help in the study design.
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